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$\mathrm{M}\mathrm{i}\mathrm{z}\mathrm{u}\mathrm{S}\mathrm{h}\mathrm{i}\mathrm{m}\mathrm{a}^{4})$ . , 5) $f$
$\sqrt[\backslash ]{}^{6)}$ , 2 .




. – $\tau_{0}+\delta T/\mathit{2}_{\text{ }}$
$T0-\delta T/2$ . $x$ ,
z . . ,
, $\psi$
$\theta$ , .
$\frac{\partial\Delta\psi}{\partial t}-P\Delta^{2}\psi+PRa\frac{\partial\theta}{\partial x}=J(\psi, \Delta\psi)$, (1)
$\frac{\partial\theta}{\partial t}-\Delta\theta+\frac{\partial\psi}{\partial x}=J(\psi, \theta)$. (2)
, $J(f,g)\equiv\partial(f,g)/\partial(x, z)$ \Delta $\equiv\partial^{2}/\partial x^{2}+\partial^{2}/\partial z^{2}$
$(x, z)$ . ,
, $Ra$ , P
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$A=L/d$ .
$Ra= \frac{\gamma g\delta Td^{3}}{\nu\kappa}$ , $P= \frac{\nu}{\kappa}$ . (3)
, $\kappa$ , $\nu$ , $\gamma$ , $g$ .
, $P=7$ ( ) .
$\psi=\frac{\partial\psi}{\partial x}=0$ , $\theta=0$ at $x=\pm A/2$ ,
$\psi=\frac{\partial\psi}{\partial z}=0$ , $\theta=0$ at $z=\pm 1/2$ (4)
.
3
(1) (2) $f$ .












$m$ \neq \iota i Tm(x) , \neq \iota
. M $N$ , x z
. a(0mn b(t)mn $2\cross(2M+2)\cross(2N+2)$ .
(1), (2) ,




, X $={}^{t}(a0\mathrm{o}(t), a\mathit{0}1(t),$ $\ldots,$ $a2M+1,2N+1(\iota),$ $h\mathrm{o}(\iota),$ $b_{0}1(t),$ $\ldots,$ $b2M+1,2N+1(t))$ , A
B 2 $\cross$ {(2M+2) $\cross(2N+2)$ } $\mathrm{x}2\cross\{(2M+2)\cross(2N+2)\}$ .
.
$x_{i}= \frac{A}{2}\cos(\frac{i+1}{2M+3}\pi)$ , $(i=0,1, \cdots, 2M+1)$ ,
149
$z_{i}= \frac{1}{2}\cos(\frac{i+1}{2N+3}\pi)$ , $(i=0,1, \cdots, 2N+1)$ . (7)
(10) , 4
. , (X, $z$ ) $=$
$(A/2-1/4,0)$ z $w_{1}$ .
$w_{1}=- \frac{\partial\overline{\psi}}{\partial x}$ at $(x, z)=$ $( \frac{A}{2} - \frac{1}{4’} \frac{1}{4})$ , (8)
$(A=1)$ $=$ . ,
.
$a_{mn}=[0.0010$ $\mathrm{f}\mathrm{o}\Gamma \mathrm{f}_{0\Gamma}((m,nm,n))\neq(0=(0,’ \mathrm{o})0)$
$b_{mn}=0$ for all $(m, n)$ (9)
2. $w_{1}$ $(A= 1)$ . $(\mathrm{a})Ra=$
20000, $(\mathrm{b})Ra=$ 40000, $(\mathrm{c})Ra=$ 47600.
150
1 $w_{1}$ . 1(a) $Ra=25000$ , $w_{1}$
– wl $=28.0$ . 1(b) $Ra=400\mathrm{o}\mathrm{o}$ ,
$w_{1}$ – $w_{1}=-30.6$ wl $=-18.2$
. 1(c) $Ra=47600$ , $w_{1}$ – $w_{1}=-26.5$ ,









$\triangle^{2}\psi=Ra\frac{\partial\theta}{\partial x}$ , (10)
$\Delta\theta=\frac{\partial\psi}{\partial x}$ . (11)
, (10), (11) x $z$ . , (4)
$(\psi, \theta)$ .
$(\mathrm{a}\mathrm{a})$ : $(\psi(e, e),$ $\theta(\mathit{0}, e))$ , (sa) : $(\psi(\mathit{0}, e),$ $\theta(e, e))$ ,
(as) : $(\psi(e, \mathit{0}),$ $\theta(\mathit{0},\mathit{0}))$ , $(\mathrm{s}\mathrm{s})$ : $(\psi(\mathit{0},\mathit{0}),$ $\theta(e, \mathit{0}))$ .
, \psi (e, $e$ ) \psi $x$ z $(\mathrm{a}\mathrm{a})$
, $x$ $z$ ,
.





$\mathrm{b}$ , $\mathrm{a}={}^{t}(a_{0}0, a01, \ldots, a_{2}M+1,2N+1)$ b $={}^{t}(b_{0}0,$ $b01$ ,
. . . , $b_{2M1,2N}++1$ ) , $\mathrm{A},$ $\mathrm{B},$ $\mathrm{C}$ D $\{(2M+2)\cross(2N+2)\}\cross\{(2M+2)\mathrm{X}(2N+2)\}$
. a b , $2\cross(2M+2)\cross(2N+2)$
$2\cross(M+1)\cross(N+1)$ .
4
2 . 2 $0.1<A<10$ ,
. $x$ . $A$
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1. $Ra_{c}$ . –
, . $A$ ,
$x$ .
$(\mathrm{a}\mathrm{a})$ , $A$ 157
(sa) . $A$ $(\mathrm{a}\mathrm{a})$ (sa)
. (a8) $(\mathrm{s}\mathrm{s})$ $A$
. $(\mathrm{a}\mathrm{a})$ (sa) ,
.
$=$ , $A=1$ .
, $(\mathrm{a}\mathrm{a})$ , $Ra_{c}=5011.7$ .
, . ,
– . , – (sa) , $Ra$ $=7972.3$
. , $x$ .
5
$Ra>Ra_{C}=5011.7$ .
(1), (2) /\mbox{\boldmath $\pi$} $=0$ , \psi , $\overline{\theta}$ )
.
$-P \Delta^{2}\overline{\psi}+PRa\frac{\partial\overline{\theta}}{\partial x}=J(\overline{\psi}, \Delta\overline{\psi})$ , (12)
$- \Delta\overline{\theta}+\frac{\partial\psi}{\partial x}=J(\overline{\psi},\overline{\theta})$ . (13)
(12), (13) (4) $(\overline{\psi},\overline{\theta})$ .




. $(\mathrm{a}\mathrm{a})$ $Ra=5011.7$ ,
$(\mathrm{a}\mathrm{a})$ $(\mathrm{s}\mathrm{s})$ . ,
Z2 , $(\mathrm{a}\mathrm{a})$ $(\mathrm{a}\mathrm{a})$
$(\mathrm{s}\mathrm{s})$ .
$\overline{\psi}(-x, -Z)=\overline{\psi}(x, z),\overline{\theta}(-x, -Z)=-\overline{\theta}(_{X}, z)$ . (14)
, (sa) $Ra=7972.3$ ,
, (sa) Z2 .
, $(\overline{\psi},\overline{\theta})$ ,
.
$\psi=\overline{\psi}+\psi^{;}$ , $\theta=\overline{\theta}+\theta’$ (15)
, $\psi’(x, Z, t)$ $\theta’(X, Z, t)$ \psi ’ $=\hat{\psi}(x, z)e^{\lambda \mathrm{o}t}$ \theta ’ $=\hat{\theta}(x, z)e^{\lambda_{0}t}$
. $\lambda_{0}$ . (15) (1),(2) , $(\hat{\psi},\hat{\theta})$
,
$\lambda_{0}\triangle\hat{\psi}-P\triangle^{2}\hat{\psi}+PRa\frac{\partial\hat{\theta}}{\partial x}=J(\hat{\psi}, \Delta\overline{\psi})+J(\overline{\psi}, \Delta\hat{\psi})$ , (16)
$\lambda_{0^{\hat{\theta}-\Delta\hat{\theta}+}\frac{\partial\hat{\psi}}{\partial x}=J}(\hat{\psi},\overline{\theta})+J(\overline{\psi},\hat{\theta})$ (17)
. $(\hat{\psi},\hat{\theta})$ (4) .
, \mbox{\boldmath $\lambda$}o . , $\lambda_{0}$ ${\rm Re}(\lambda_{0})$ ,
${\rm Im}(\lambda_{0})$ , ${\rm Re}(\lambda_{0})={\rm Im}(\lambda_{0})=0$ ,
, ${\rm Re}(\lambda_{0})=0$ ${\rm Im}(\lambda_{0})\neq 0$ , $f={\rm Im}(\lambda_{0})/(2\pi)$
. $Z_{2}$ , Z2
(s) Z2 (a) .
(s) : $\psi(-x, -z)=\psi(X, Z)$ , $\theta(-x, -Z)=-\theta(x, z)$ .
(a) : $\psi(-x, -z)=-\psi(X, Z)$ , $\theta(-X, -,Z)=\theta(x, z)$ .






a $={}^{t}(a00, a01, \ldots, a_{2}M+1,2N+1, b00, b_{0}1, \ldots, b2M+1,2N+1)$ , A




3. $w_{1}$ $(A=1)$ .
3 O $<Ra<70000$ . (8)
$w_{1}$ , $Ra$ . ,
. wl , Z2 Ra
, Z2 , .
$Ra$ , . $w_{1}=0$ ,
Pl($Ra$ $=5011.7$) $(\mathrm{a}\mathrm{a})$ , – (PI-A,PI-
$\mathrm{A}’)$ . P1-A P1-A’ , $w_{1}$ ,
,
. – ,
– . – , $\mathrm{P}3$ ( $Ra$ $=37046$)
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. P3
, $\mathrm{P}2$ ( $Ra$ $=7972.3$) .
P2 , (sa) , (P2-
$\mathrm{B},\mathrm{P}2- \mathrm{B}’)$ . , $x$
. , $\mathrm{P}4$ ( $Ra$ $=16624$) ,
. P4 , P3
. , $\mathrm{P}5(\ _{\mathrm{c}}=54041)$
. P5 , Hl $(Ra_{c}=54229)$
. , P3’,P4’,P5’ $\mathrm{P}3,\mathrm{P}4,\mathrm{p}5$
, HI’,H2,H2’ Hl .
P4 P3 ,
(PI-P3,P1-P3’,P4-P5,P4’-P5’) . ,
. , $Ra$ ,
$Ra$
. , $Ra$ P2 –
PI-P3(or PI-P3’) , $\mathrm{P}3(\mathrm{P}3’)$ $\mathrm{P}4-\mathrm{p}5(0\Gamma$
$\mathrm{P}4’-\mathrm{p}5’)$ . , $Ra$ $\mathrm{P}3$ $\mathrm{P}5$
$\mathrm{P}\not\subset \mathrm{P}5(\mathrm{o}\mathrm{r}\mathrm{P}4^{J}- \mathrm{P}5J)$ , $\mathrm{P}4(\mathrm{P}4’)$
PI-P3(or PI-P3’) .
\S 3 $=$ 3
. 1(a) ,Ra $=$ 25000 3 P2 $\mathrm{P}4$ ,
– . $\not\subset$
, PI-P3 . 1(b) $Ra=40000$ , 3
P3 P5 , –
. $=$ ,
. , – (P1-A’) , P3
$Ra$ ,
, —. $(\mathrm{P}4’-\mathrm{P}5’)$
. 1(C) $Ra=47600$ , 3 P3 P5 , –
(P1-A’) ,
. , . ,
, Hl
,
. , (9) ,




$=$ . $4(\mathrm{a})$ 1
$Ra=47600$ , $4(\mathrm{b})$
– , $Ra=49603$
. $4(\mathrm{b})$ , ,
Pl –
, .
, $4(\mathrm{a}),(\mathrm{b})$ 2 . , –
$Ra=49603$ , ,
$Ra=47600$ . , $\mathrm{n}$
, (16) (17)
, ,


















5. ( ). (a) $=$ $(Ra=$






, (2) , , (3)
3 .
, $=$
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